Background In dentistry, titanium, mercury, platinum, rhodium and palladium are used to produce dental fillings. Therefore, dental workers who apply such materials may be exposed to these metals.
Introduction
Titanium, mercury, platinum, rhodium and palladium are widely used in dentistry [1] . Because of its excellent biomechanical properties, titanium is widely used for dental implants, while mercury is used in amalgam tooth filling [2, 3] . Platinum, rhodium and palladium are used in noble-metal dental alloy restorations [4] [5] [6] .
The aim of our study was to evaluate levels of these metals in the urine and serum of 20 dental health care workers and 20 control subjects.
Methods
Forty healthy subjects were selected on the basis of standardized criteria by a questionnaire on personal habits, lifestyle, exposure to the study metals and their medical history (Table 1) . All subjects had a Mediterranean-type diet. The subjects were divided into a control group (n = 20, mean age ± SD = 50.2 ± 8.2 years, range = 37-65) and a group of dental health care workers (n = 20, age 44.8 ± 10.3 years, range = 28-71). All subjects lived in urban or rural areas in the Latium region of Italy. Three control subjects were excluded from the study because their urinary creatinine was >3.0 g/l or <0.3 g/l [7] . None of the subjects in the control group were occupationally or non-occupationally exposed to the 1 metals in question. All dental health care workers had been employed for a minimum of 3 years.
All subjects were admitted to the study following a clinical examination of the oral cavity. This was performed to ascertain whether the presence of dental filling and/or dental prostheses could affect concentrations of the metals. None of the subjects in the two groups had titanium implants.
The metals were analysed by inductively coupled plasma mass spectrometry [8] and creatinine was determined using the method of Fujita et al. [9] .
One-way ANOVA was used to evaluate the significance of mean differences in metal levels in the occupationally exposed group and the non-exposed group. Spearman rank correlation coefficients were used to assess the relationship between metal levels and the number of amalgams and crowns. Table 2 shows urinary and serum levels of the study metals. The difference in mean values for urinary and serum titanium was not statistically significant (P = 0.7) in either groups, while levels of mercury, platinum, rhodium and palladium were mostly below the levels of detection (LoDs), thus preventing statistical analysis.
Results
A significant inverse correlation (Spearman coefficient = 0.41; P = 0.01) was found between the number of amalgams and serum titanium levels.
Stratification according to residence, smoking habits and hobbies of the subjects under study failed to reveal significant differences in urinary and serum titanium levels. As regards the other metals examined in the study, concentrations below the LoDs once again prevented statistical analysis.
Discussion
As none of the subjects had implants containing titanium, urinary and serum concentrations were the result of titanium intake by diet and inhalation in the life environment or workplace.
Few studies have reported on urinary and serum titanium in healthy non-occupationally exposed subjects, and no research has been conducted on subjects occupationally exposed to titanium in the dentistry field.
It is worth noting that in the group of dental health care workers, serum and urinary titanium values were not significantly different from those of the control group. Although our study is based on only 20 subjects, data suggest that occupational exposure is slight.
Further specific research is needed in order to explain Metal levels below the LoD were entered as one half of the limit. P values of analyses of variance: urinary titanium, dental health care workers versus controls = 0.7; serum titanium, dental health care workers versus controls = 0.7.
b A value of 0.005 µg/l was attributed to samples with no detectable concentrations.
c A value of 0.005 µg/l was attributed to samples with no detectable concentration. the inverse correlation between the number of amalgams and significant titanium serum concentration.
Since the urinary and serum mercury, platinum, rhodium and palladium levels of the subjects examined in this study were mostly below the LoDs, we were unable to indicate differences in the concentrations of these metals between the two groups and between individuals with a different number of amalgams, or the presence of noble metal alloys.
We found no marked difference in the levels of these metals between the control group and the group of dental health care workers. More specifically, almost all of the platinum, rhodium and palladium serum values were below the LoDs; only a few urinary palladium and rhodium values were above them. On this point, Begerow et al. [5] , the only authors to have evaluated urinary platinum and palladium levels in dental technicians, reported mean urinary platinum and palladium levels of 0.03 µg/l and 0.14 µg/l, with maximum levels of 0.17 and 1.24 µg/l, respectively. All subjects in our study had urinary platinum values below 0.01 µg/l, while the mean urinary palladium value for levels exceeding the LoD in the control group was 0.36 µg/l (n = 8; maximum value 0.61 µg/l) and in the occupationally exposed group was 0.27 µg/l (n = 5; maximum value 0.43 µg/l). The levels reported by Begerow et al. [5] are therefore higher than those found in our study. This disparity could be due to the different types of task and therefore of exposure. In fact, dental technicians directly handle noble-metal alloys, while the subjects in our study were surgeons and nurses whose tasks involve less exposure during the application of these alloys. It is worth noting that Begerow et al. [5] did not carry out an examination of the oral cavity to evaluate interference in biological monitoring due to the presence of dental fillings.
Although our study did not reveal differences between dental health care workers and the controls, further studies with consistent sample size should be carried out to define reference values for these metals and establish occupational threshold values currently lacking for titanium, platinum, rhodium and palladium.
